Author Names, Book Title, Edition Number: Instructor Resource
Instructor Resource
Johnson, Educational Research, 8e
SAGE Publishing, 2025

Chapter 19: Inferential Statistics
Learning Objectives
19.1 Explain the “four fundamental points” about inferential statistics, including the distinction between a sample and a population and between a statistic and a parameter.
19.2 Explain the concept of a sampling distribution.
19.3 Compare and contrast point estimation and interval estimation.
19.4 Explain the steps in hypothesis testing, including the key concepts (p value, null and alternative hypothesis, statistical and practical significance, false positive (i.e., Type I error) versus or false negative (i.e., Type II error), and effect size indicator).
19.5 Describe the common hypothesis testing analyses used in research practice.
Annotated Chapter Outline
I. Four Fundamental Points
A. First, the distinction between samples and populations is essential.
i. Sample: A set of cases taken from a larger population.
ii. Population: The complete set of cases.
iii. Always identify and define the population of interest and then obtain a representative sample from the population.
B. Second, the distinction between statistics and parameters is likewise essential.
i. Statistic: A numerical characteristic of a sample.
ii. Parameter: A numerical characteristic of a population.
C. Third, in inferential statistics, we study samples when we are actually much more interested in populations.
i. We don’t study populations directly because it would be cost prohibitive and logistically impossible.
ii. Because we study samples rather than populations, our conclusions will sometimes be wrong.
iii. Inferential statistics enables us to assign probabilities to our statements and draw conclusions that are very likely to be correct.
D. Fourth, random sampling is assumed in inferential statistics.
i. Random sampling is important because it allows researchers to use the probability theory that underlies inferential statistics.
E. There are different symbols used for statistics and parameters.
i. Greek letters are usually used to symbolize population parameters.
ii. Roman letters (i.e., English letters) are usually used to symbolize sample statistics.
iii. See Table 19.1.
II. The Concept of a Sampling Distribution
A. Sampling distribution: The theoretical probability distribution of the values of a statistic that results when all possible random samples of a particular size are drawn from a population.
i. A sampling distribution is the distribution of a statistic that comes from repeated sampling.
ii. Repeated sampling: Drawing many or all possible samples from a population.
iii. Sample values are rarely exactly equal to the true population value—they vary randomly around that true value in a sampling distribution.
iv. A sampling distribution can be constructed for any statistic.
v. Remember that a sampling distribution is based on all possible samples, not the single sample that the researcher studies.
B. Sampling error: The difference between the value of a statistic and the corresponding population parameter.
i. The presence of sampling error means that the values of statistics calculated from random samples tend to vary because of chance fluctuations.
ii. Standard error: The standard deviation of a sampling distribution.
a. When there is a lot of sampling error in a sampling distribution, the standard error will be large.
b. When there is not much sampling error, the standard error will be small.
c. Researchers prefer a small standard error, and a good way to get a small standard error is to select a large sample.
C. The average of all the possible sample statistic values is equal to the population parameter.
D. Sampling Distribution of the Mean
i. For an example, say that you just drew a random sample of 100 people from the population of a city.
a. Say that the true average income of the population is $50,000.
i. As a real-world researcher, you would not know this, but would be trying to find it out.
b. Say that your sample mean turns out to be $45,600.
c. The sampling error is $4,400.
ii. Now say you draw another random sample of 100 people.
a. Say this sample mean is $49,800.
iii. Say you continue this process until all possible samples have been examined.
a. The line graph constructed from all of these means would form a normal curve.
b. The overall average of this sampling distribution would be $50,000.
c. This distribution is called the sampling distribution of the mean.
d. Sampling distribution of the mean: The theoretical probability distribution of the means of all possible random samples of a particular size drawn from a population.
e. See Figure 19.1.
III. Estimation
A. Point Estimation
i. Point estimation: The use of the value of a sample statistic as the estimate of the value of a population parameter.
ii. Point estimate: The estimated value of a population parameter.
iii. Point estimation is used whenever a researcher uses the value of the sample statistic as the estimate of the population parameter.
iv. Because of the presence of sampling error, a point estimate will rarely be exactly the same value as the population parameter.
B. Interval Estimation
i. When researchers use interval estimation, they construct confidence intervals.
ii. Confidence interval: A range of numbers inferred from the sample that has a certain probability or chance of including the population parameter.
a. Confidence limits: The endpoints of a confidence interval.
b. Lower limit: The smallest number of a confidence interval.
c. Upper limit: The largest number of a confidence interval.
iii. Level of confidence: The probability that a confidence interval constructed from a random sample will include the population parameter.
a. 95% confidence intervals will capture the population parameter 95% of the time.
b. 99% confidence intervals will capture the population parameter 99% of the time.
c. See Figure 19.2.
d. Intervals with lower levels of confidence are narrower.
e. Intervals with higher levels of confidence are wider.
f. An effective way to achieve both a higher level of confidence and a narrower interval is to increase the sample size.
iv. General formula for a confidence interval:
where 
± means plus or minus.
v. A confidence interval is a point estimate plus or minus the margin of error.
a. Margin of error: One half the width of a confidence interval.
b. Confidence intervals are constructed by taking a point estimate and surrounding it by the margin of error.
IV. Hypothesis Testing
A. Hypothesis testing: The branch of inferential statistics that is concerned with how well the sample data support a null hypothesis and when the null hypothesis can be rejected.
i. The researcher states their null and alternative hypotheses.
ii. They then use inferential statistics on a new set of data to determine what decision needs to be made about these hypotheses.
B. The goal of hypothesis testing is to make a probabilistic decision about the truth of the null and alternative hypotheses.
C. Null and Alternative Hypotheses
i. Null hypothesis: A statement about a population parameter; it usually states there is no relationship between independent and dependent variables.
a. Represented by the symbol H0.
b. Tested directly using probability theory.
c. Hypothesis testing operates under the assumption that the null hypothesis is true.
ii. Alternative hypothesis: A statement that the population parameter is some value other than the value stated by the null hypothesis.
a. Represented by the symbol H1.
b. Asserts the opposite of the H0.
c. Usually is a statement of a difference between means or a relationship between variables.
d. If hypothesis testing allows the researcher to reject the null hypothesis, then the researcher can tentatively accept the alternative hypothesis.
iii. Examples of research questions, null hypotheses, and alternative hypotheses.
a. See Table 19.2.
iv. You should assume that an effect or relationship is not present until you have good evidence to conclude otherwise.
v. Three points about hypothesis testing:
a. The alternative hypothesis can never include an equal sign (=).
b. The alternative hypothesis is based on one of these three signs: ≠ (not equal to), < (less than), or > (greater than).
c. Third, the null hypothesis is based on one of these three signs: = (equal to), ≤ (less than or equal to), or ≥ (greater than or equal to).
D. Directional Alternative Hypotheses
i. Nondirectional alternative hypothesis: An alternative hypothesis that includes the not equal (≠) sign.
ii. Directional alternative hypothesis: An alternative hypothesis that contains either a greater than sign (>) or a less than sign (<).
iii. There is a major drawback to directional alternative hypotheses.
a. If a researcher uses a directional alternative hypothesis and a large difference in the opposite direction is found, the researcher must conclude that no relationship exists in the population.
b. Most practicing researchers state directional research hypotheses, but test nondirectional alternative hypotheses so that they can leave open this discovery function of science.
E. Examining the Probability Value and Making a Decision
i. Probability value or p value: The probability of the observed result of your research study or a more extreme result if the null hypothesis were true.
a. The probability value is not simply the probability that the null or alternative hypotheses themselves are true or false.
b. The probability value is used to make a decision about whether to reject the null hypothesis.
ii. When the researcher rejects the null hypothesis, the researcher decides to accept the alternative hypothesis.
a. This involves making a claim that the finding is statistically significant.
b. Statistically significant: The claim made in significance testing when the evidence suggests that the observed result was probably not due to chance; we believe it is a real relationship.
iii. A researcher selects a significance level to aid in making the decision about the size of the probability value obtained from the analysis of the research data.
a. Significance level or alpha level: The cutoff the researcher uses to decide when to reject the null hypothesis.
b. The significance level of .05 has become a widespread convention among researchers in education and every other social and behavioral science.
c. The significance level is the value with which the researcher compares the probability value.
iv. When you engage in hypothesis testing, you follow these two rules:
a. If the probability is less than or equal to the significance level, then the researcher rejects the null hypothesis and tentatively accepts the alternative hypothesis.
b. If the probability value is greater than the significance level, then the researcher cannot reject the null hypothesis.
v. Review the steps in hypothesis testing.
a. See Table 19.3.
vi. You must decide what the results of your research study actually mean.
vii. You must determine the practical significance of your findings.
F. The Hypothesis-Testing Decision Matrix
i. Decision-making errors will inevitably be made some of the time.
ii. Four possible outcomes in hypothesis testing.
a. See Table 19.5.
iii. False positive (or Type I error): Rejecting the null hypothesis when it is true.
iv. False negative (or Type II error): Failing to reject the null hypothesis when it is false.
v. Traditionally, researchers have been more concerned with avoiding false positives than false negatives.
G. Controlling the Risk of Errors
i. When you try to decrease the likelihood of making a Type I error, you usually increase the likelihood of making a Type II error.
ii. Increasing the sample size is a reliable way to lower the risk of both errors.
a. Larger samples provide a test that is more sensitive or has more power.
b. Power: The likelihood of rejecting the null hypothesis when it is false.
iii. Practical significance: A conclusion made when a relationship is strong enough to be of practical importance.
a. Effect size indicator: A measure of the strength or magnitude of a relationship between the independent and dependent variables.
iv. Knowing that a finding is statistically significant does not tell you anything about the effect size or the practical importance of a research finding.
V. Hypothesis Testing in Research Practice
A. Researchers report statistical significance to add credibility to their conclusions.
B. Significance testing: A commonly used synonym for hypothesis testing.
C. The key to conducting a significance test is to set your significance level, obtain the probability value, and determine if rule 1 or rule 2 applies.
D. t Test for Independent Samples
i. t test for independent samples: A statistical test used to determine whether the difference between the means of two groups is statistically significant.
ii. The sampling distribution used to determine the probability value is known as the t distribution.
iii. The researcher rejects the null hypothesis when the value of t is large.
E. One-Way Analysis of Variance
i. One-way analysis of variance: A statistical test used to compare two or more group means.
ii. Appropriate for one quantitative dependent variable and one categorical independent variable.
iii. Analysis of variance techniques use what is called the F distribution.
F. Post Hoc Tests in Analysis of Variance
i. Post hoc test: A follow-up test to the analysis of variance.
ii. Used to determine which means are significantly different.
G. t Test for Correlation Coefficients
i. t test for correlation coefficients: A statistical test used to determine whether a correlation coefficient is statistically significant.
ii. Uses the same t distribution as in the t test for independent samples.
H. t Test for Regression Coefficients
i. t test for regression coefficients: A statistical test used to determine whether a regression coefficient is statistically significant.
I. Chi-Square Test for Contingency Tables
i. Chi-square test for contingency tables: A statistical test used to determine whether a relationship observed in a contingency table is statistically significant.
ii. Contingency tables are used when both variables are categorical.
iii. Example of a contingency table.
a. See Table 19.6.
J. Other Significance Tests
i. Logic of significance testing: Understanding and following the steps shown in Table 19.3.
a. You state the null and alternative hypotheses.
b. Then you determine the probability value and compare it to the significance level.
c. You decide whether the finding is statistically significant or not using the two rules shown in Table 19.3.
d. Finally, you obtain a measure of effect size, interpret the results, and make your judgment about practical significance.
VI. Action Research Reflection
A. Action researchers sometimes are interested in using inferential statistics to make generalizations beyond their immediate research participants or to test hypotheses about relationships and differences between groups.
B. They often do this when they want to inform the scientific community about the world from the bottom up.
C. It is very important that traditional education science carefully listen to practitioners’ action research findings.
D. Try to think of a situation in which you would use statistical estimation (point and interval) in your action research.
E. Try to think of a situation in which you would use statistical hypothesis testing in your action research.
